In the paper the influence of flexible covering properties on the linear development of disturbances in a supersonic boundary layer is investigated for Mach numbers M = 1.0, 2.0, 5.3, 6.0. As a model of a covering the porous plate closed by a flexible film is used. In the absence of gas in pores it is established that the flexible covering stabilizes boundary layer in the area of large Reynolds numbers and destabilizes it at small Reynolds numbers. Joint influence of the thickness and tension of a film leads to an appearance of additional unstable waves. For filled with gas pores the researches are conducted as taking into account losses of energy of disturbances in pores and in their absence. Calculations without power losses indicate possibility of existence of an absolute instability of the boundary layer on the flexible surface. The damping properties of a flexible covering connected with power losses in pores reduce their stabilizing role.
Introduction
Interest in the use of compliant walls for laminar flow control dates back to the seminal papers of Kramer [1] [2] . He achieved drag reductions of up to 60% in experimental tests on bodies of revolution covered with his specially designed compliant coatings. Tests were carried out for various compliant coverings, and considerable a drag reduction was received. As a result the assumption was coming out that damping in a covering prevents development of Tollminn-Shlichting waves. Theoretical researches of the stability of incompressible fluid flows were conducted in [3] - [6] . There it was established that in addition to Tollmin-Shlichting disturbances the new waves were revealed which were caused by an interaction of a flow with a surface. Besides they came to conclusion that only very flexible coverings which density differs little from density of a streamline liquid can be the effective. With this they should have low damping that contradicted to the initial assumption. The first successful experiments on the stability of boundary layer on a flexible surface were carried out in [7] . It was found that decreasing the tension produced a significant increase of the stability region, increasing the critical Reynolds number by about a factor of two. For more information on questions related to the interaction of flexible coatings with the incompressible fluid boundary layer can be found in reviews [8] - [12] .
As to possibility of using of flexible coverings for stabilization of a supersonic boundary layer, this question remains open because of the limitation of the corresponding studies. There are two works [13] [14] where the stability of the supersonic boundary layer on a flexible surface was studied.
In the first of them the stability of a supersonic boundary layer above a flexible surface is considered in the limit of large Reynolds number and for Mach numbers O(l). Asymptotic theory of viscous-inviscid interaction has been used in it. It was found that for a simple elastic surface the boundary-layer flow remains stable as it is for a rigid wall. However when either damping or surface inertia is included the flow becomes unstable. The lack of these studies was the following. Due to the fact that the problem is considered in the limit of large Reynolds number and for Mach numbers O(l), its conclusions may be incorrect for flows with a finite Reynolds number and large Mach numbers.
In [14] researches are conducted on the basis of the stability equations of Dunn-Lin (see [15] ). There the Influence of a flexible covering on the stability of a supersonic boundary layer without its damping properties was studied. Within the framework of the linear theory the supersonic boundary layer stability is considered for the Mach number M = 2; 5.3. It was established that flexible coverings influences on the boundary layer stability even at a gas flow. At moderate supersonic speeds, M = 2.0, application of thin flexible coverings leads to the flow stabilization, at least in the field of large Reynolds numbers. At the same time in the domain of small Reynolds numbers the insignificant destabilization can be observed. Influence of flexible coatings on the boundary layer stability at М = 5.3 and М = 2.0 is different because at high Mach numbers there are two unstable modes.
At Mach number М = 5.3 the area of low Reynolds numbers, where the destabilization of the first mode is observed, extends in comparison with a case of М = 2.0. However the second mode was stabilized by a flexible covering at Reynolds numbers, when the greatest instability on a rigid surface is observed.
In the present paper researches of [14] were continued. Here new data are presented both without damping properties of a flexible covering and with their account for different Mach numbers. Calculations carried out at Mach numbers М = 1.0, 2.0, 5.5, 6.0.
Problem Formulation

Linear Stability Equations
The flow of a compressible gas in a boundary layer on a flat plate is taken as an initial undisturbed flow. Disturbances in a boundary layer we shall consider in orthogonal coordinate system ( ) , ,z ξ ψ [16] connected with stream-surfaces of basic flow and look like
Here ψ -flow function; for a plate
∞ -speed and kinematical viscosity of a running stream; x, y, z-longitudinal, normal to a wall and transversal co-ordinates of the Cartesian system with the beginning on an edge of a plate. Gas is perfect with a constant Prandtl number, Pr. Resulting a set of Navier-Stokes equations to a linear view, using estimations on the whole degrees of a Reynolds number, Re, rejecting the members order Re −2 respect to the main ones, the properties of a critical layer it is possible to obtain the following equations.
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; the stroke means a derivative on η, (2) are adduced to a view:
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Here prime stands for derivative with respect to η,
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A D -quadratic matrixes of given functions of Re, η . , , , ,
are amplitudes of pressure; normal to a surface of a plate, longitudinal and transversal speeds; enthalpy disturbances. The expressions for 12 23 , , q τ τ    can be found in the paper [17] . Reduced above a systems (2,4) are systems of parabolized equations.
According to [16] except the full parabolize Equation (4) at high Reynolds numbers it is possible to limit by the approximate equations of two types. The first approximation is connecting with a neglect by the perturbations amplitude deformation in (4) (∂Z = 0), but taking into account terms which are proportional f 1 . It was called as the locally nonparallel approach. The second one can be received neglecting by members of D∂Z and f1. Such approach is called by the Lees-Lin parallel approach. At some additional Dunn-Lin assumptions it is possible to receive the truncated system of the equations (see, for example [15] [18]). Dunn-Lin approach was used in [14] ).
Boundary Conditions and Impedance on a Flexible Surface
Similar to conditions on a porous surface [19] for disturbances on a flexible coating the boundary conditions are defined as follows: u, v, w, ϑ = 0 at η = ∞; u, w, ϑ = 0, (0) (0) v Kp =  on the wall. For definition of K  we consider the forced oscillations of the membrane tense on one end of a pipe when the other end is closed by a rigid plug, Figure 1 . Damped waves propagate in a round pore. According to [20] average on the area of a pore section a dimensionless velocity and a pressure near a membrane are defined by a ratio:
Here ρ is gas density; Re / , r e e r U ν * * * = Re / H e e H U ν * * * = ; J 0 , J 2 -Bessel functions of the corresponding order; an index w serves for designation of the corresponding quantities in a pore, n-porosity (the ratio of the occupied by the pores area to the total area), γ-the ratio of thermal capacities, dimensional quantities are designated by an asterisk.
We write down the movement equation of a membrane in a view: 
. 
A Case of Empty Pores
Calculations are carried out for a case of the blank by gas pores (in the vacuum assumption in a pore). In this
. Dependences of spatial rate amplification on Reynolds's number for solid and flexible surfaces are calculated for three theories: parallel approach, locally not parallel flow, parabolized stability equations is shown in Figure  2 .
Both on solid and on a flexible surface the greatest stability corresponds to parallel approach. For a flexible surface in the parallel and locally nonparallel approach the amplification rate is negative that indicates to stabilizing role of a flexible covering. Though the calculations which have been carried out on the basis of the parabolized equations indicate on some decrease in efficiency flexible coverings in a suppression of disturbances, as a whole, they confirm a possibility of their application for increase of a Reynolds number of a laminar-turbulent transition. In view of the fact that parallel approach, as a whole, describes stability characteristics not too badly, given below results were received by this method. When it will be a need, for example, for a confirmation of the theory by an experiment, it is possible to specify the received results.
In Figure 3 dependence of the amplitude of disturbances of the longitudinal velocity, received in a linear parallel approach, on Reynolds number is presented. It is visible essential suppression of disturbances under the influence of a compliant surface. Thus application of flexible coverings can be used successfully for a tightening of process of the laminar-turbulent transition. In Figure 4 influence of parameter b on an amplification rate is shown. The boundary layer stabilization is observed in the area of large Reynolds numbers and its destabilization at low Reynolds numbers with decreasing of the film tension.
In Figure 5 the dependence of the amplification rate on the Reynolds's number is shown at difference parameters of which is proportional to thickness of a film. From these data it is possible to conclude that with a film thickness increase results approach to rigid surface data. Another important result is the following. At 100 a = there are two amplifying waves. Near Re ≈ 800 the wave (1) disappears. It means that in the region of Re < 800 there are two growing waves and in the area of Re > 800 there is only one unstable wave.
Shown in Figure 4 and Figure 5 results for M = 1.0 are similar to data of the paper [14] for the M = 2.0. Investigation of two amplifying waves was studied in more detail at the Mach number M = 2.0. The results of these studies are shown in Figure 6 . In case of a flexible covering along with a wave which is similar the wave at a rigid surface, there are additional disturbances which fade in the area of small Reynolds's numbers. It is shown in Figure 6(a) . However on long distances these waves increase intensively. It should be noted that in the area of large Reynolds's numbers waves lengths (2π/α r ) of two types of disturbances approach. It is visible well in Figure 6(b) .
Influence of a film thickness and its tension degree on stability of a boundary layer was investigated also at Mach number M = 6.0, 5.35. Influence of a film tension on the amplification rate is shown in Figure 7 (M = 6.0). At high Mach numbers the boundary layer destabilization is observed in the area of low Reynolds numbers as in case of M = 1.0. However at large Reynolds numbers, where instability is defined by the second mode, the flexible covering stabilizes the flow. Figure 8 shows the effect of a film thickness on the amplification rate of disturbances (M = 6.0). It is possible to see that increasing of the film thickness (its inertia) destabilizes a flow that is consistent with the results of work [13] . However its stability increases in comparison with a case of a rigid surface.
Dependence of an amplification rate on frequency parameter is studied also, see -frequency of Eigen oscillations of a stretched film. However, it was obtained that values of an amplification rate on the right and on the left of a resonant frequency doesn't undergo a jump. So it is possible to determine its value by interpolation.
The Influence of Energy Losses on the Stability of the Boundary Layer on a Porous Surface Coated by a Flexible Film
Above it was considered the influence of the flexible cover on the boundary layer stability in the case of empty pores. Before consider its impact on the stability in the case of gas-filled pores it is necessary to study the boundary layer stability in the absence of energy losses in the pores. In this case the sound wave propagates inside pores with parameters: 1 , Figure 10 shows the dependence of the spatial amplification rates on the thickness of the porous coating. You can see that in the range 0 < Re H < 19,500 the stability increases with the boundary layer thickness. However a further increase of Re H leads to the appearance of a new type of oscillations with large amplification rates. For example the amplification rate at Re H = 21,000 is greater than the corresponding value for the solid impermeable surfaces (Re H = 0) about by 10 times. A new type of oscillations requires further study. Calculations show that its group velocities are complex and its absolute value is close to zero. Special studies will help to determine the propagation character of such disturbances. Probably the found instability is absolute, similar instability of a boundary layer of incompressible liquid on a flexible surface [6] .
Neglect by energy losses is equivalent to increasing of Re r to infinity. In Figure 11 and Figure 12 the influ- ence of damping properties of the coating on the boundary layer stability is show for Mach numbers M = 2.0 and 5.3. Figure 11 shows that the maximum value of a spatial amplification rate of disturbances in the boundary layer on a flexible surface at M = 2.0 and Re H = 10 4 in absence of energy losses is less than the corresponding value received on a solid impermeable surface ( 0 K =  ). Energy losses in the pores (Re r = 1000) lead to the destabilization of the boundary layer, the maximum value of spatial amplification rate of disturbances increases. Another important fact is that in the absence of energy losses in the pores (Re r = ∞) you can find the value of the coating thickness (in our case Re H = 19500) when the stability at filled pores by a perfect gas is not different from the stability at empty pores.
Influence of damping properties of flexible coating on spatial perturbation increments of the second mode with M = 5.3 is shown in Figure 12 . As well as at M = 2.0 at the accounting of power losses (Re r = 1000) in the region of Reynolds numbers Re > 1000 increments are less than in case of their absence (Re r = ∞). Again in the absence of energy losses in the pores (Re r = ∞) you can find the value of the coating thickness (in our case Re H = 5000) when the stability at filled pores by a perfect gas is not different from the stability at empty pores. However unlike a case with M = 2.0 at M=5.3 always increments of disturbances on flexible coverings are less than on a solid impenetrable surface ( 0 K =  ) in this area of Reynolds numbers. In the field of Re Reynolds numbers Re < 1000 influence of flexible covering properties on the boundary layer stability is ambiguous.
Conclusions
In the case of empty pores, it is established that the supersonic boundary layer stabilization is observed in the area of large Reynolds numbers and its destabilization at low Reynolds numbers with decreasing of the film tension. At finite thicknesses of the film along with a wave a similar to waves at a rigid surface, there is the additional disturbance which fades in the area of small Reynolds numbers. However on long distances this wave increases intensively.
In the case of gas-filled pores and the absence of energy losses in the pores, there are waves whose group velocities are close to zero. Another important fact is that in the absence of energy losses in the pores there are flexible coating thickness when the stability is not different from the stability at empty pores. Energy losses in the pores lead to the destabilization of the boundary layer.
At last it is necessary to notice that the impact of flexible coverings on the stability of a supersonic boundary layer have different directions, on the one hand it allows to hope for their successful use for the laminar-turbulent transition control and on the other hand it is necessary to apply them carefully.
